SUMMARY One hundred and seven (41%) of 262 isolates of Streptococcus milleri, from human sources, produced hyaluronidase. Hyaluronidase production was commoner in ,B haemolytic isolates 32 of 39 (82%), many ofwhich were of Lancefield group F. But hyaluronidase was also found in ac and non-haemolytic isolates, and in groups A, C, G, and non-groupable isolates. There was a strong association between hyaluronidase production and isolation from known internal abscesses (48/58, 83%) compared with isolates from the normal flora of uninfected sites (24/97, 25%). Isolates from 15 patients with endocarditis were uniformly negative, although 13 of 25 (52%) isolates from dental plaque produced the enzyme.
The species name Streptococcus milleri was coined by Guthof.' Colman and Williams argued for inclusion in the taxon of strains of differing Lancefield antigenthat is, whether they had Lancefield group antigen A, or C, or F, or G, or none; and whether they were a-, ,B-, or non-haemolytic. 2 Parker and Ball showed that when the taxonomic criteria of Colman and Williams were applied to streptococci (and a few aerococci) from deep lesions in man, then S milleri was strongly associated with clinically purulent lesions. 3 In further studies of a selection of some 18 strains thus classified as S milleri (Streptococcus Reference Laboratory, Colindale, London) and of varying Lancefield and haemolytic states, it was found that all strains lacked streptolysins 0 and S and anti-DNase B, but in a few cases possessed hyaluronidase. A possible correlation was noted between hyaluronidase production and stated presence of pus in the patient from which the strain was isolated (Unsworth, unpublished data) . Therefore it was decided to study hyaluronidase production in a large number of isolates of S milleri and to examine the relation of this enzyme to clinical data on the strains.
Material and methods
One hundred and sixty five isolates from infected patients and routine clinical laboratory samples were Accepted for publication 12 December 1988 collected by Dr MT Parker, Streptococcus Reference Laboratory, Colindale, London, from isolates submitted from various hospitals and Public Health Laboratory Service laboratories in Britain, and a few isolates from overseas. There were also 13 isolates from normal faeces4 and 13 from dental plaque isolated by Dr JM Hardie.
The 191 isolates, including faecal and dental plaque isolates, were stored at -20°C in blood broth containing 16% glycerol. Some strains were subcultured repeatedly from glycerol blood broth after storage at -20°C for periods ofvarious months, and then reused for hyaluronidase production. Between Table 3 categorises the clinical importance of isolates into four groups. Fifteen were from blood cultures of patients with endocarditis. Fifty eight were from abscesses or frankly purulent lesions, directly sampled or isolated from blood cultures. Abscesses occurred in the liver (n = 15), brain (n = 9), subdural space (n = 1), lung (n = 3), pleural empyemata (n = 2), parapharyngeal space (n = 1) and psoas sheath (n = 1). There were two isolates from patients with meningitis. Gastrointestinal abscesses comprised eight from the appendix or appendectomy wound and one each from the left iliac fossa, pelvis, pancreas and from the perianal, ischiorectal and subhepatic areas. Two gastrointestinal isolates were from pus in the cystic duct and from the blood culture of a patient with pancreatitis. Two others, both from blood cultures, were from a patient with fever, sweating, and hypotension following resection of a rectal carcinoma; and from a patient with generalised peritonitis due to a perforated gastric ulcer. There were six isolates from cutaneous abscesses: two paronychias, a preauricular abscess, a breast abscess and two injection-site abscesses-one in a diabetic the other in a drug addict.
Miscellaneous clinical samples comprised eight from blood cultures of febrile patients; 30 from appendices or appendectomy wounds not known to have been frankly purulent; eight single isolates from the pleural cavity, a prosthetic hip joint, a chronic submaxillary abscess, a human bite wound, a postgastrectomy wound, a post-thoracotomy chest drain, an abscess below an "old" abdominal wound and an unspecified wound; 17 urinary strains and one from blood culture of a patient with urinary infection; 10 vaginal isolates, seven from women with vaginal discharge, two of whom had intrauterine contraceptive devices, and one from a patient with suspected salpingitis; nine isolates from throat swabs; one from sputum; seven from blood cultures of subjects within minutes of dental extraction; and one rectal isolate.
Isolates from normal flora were mostly from the study at Tameside General Hospital of patients without clinical infection who had not taken antibiotics in the preceding six weeks. These comprised isolates from the vagina (n = 27), dental plaque (n = 12), gingival crevice (n = 9), rectum (n = 11), anus (n = 2), sigmoid colon (n = 3), sigmoid diverticulum (n = 2), gall bladder (n = 1) and from the throat (n = 4). Those from the sigmoid colon, sigmoid diverticulum, and gall bladder were obtained at necropsy. The isolates from dental plaque and gingival crevice were mostly from I 1-15 year olds, from the lower incisors. Added to these were 13 dental plaque isolates kindly supplied by Dr JM Hardie, London Hospital Dental College. These were from the distal surfaces of the upper first premolars of 1 1-14 year old school children and each strain came from a different subject. Also included were 13 isolates from the faeces of healthy adults. 4 Strains were grown on blood agar and checked for purity, then inoculated into 5 ml or 50 ml bottles of broth and incubated overnight (or for 48 hours if visible heavy growth was required) at 37°C in air with added carbon dioxide 5% v/v. The broth was Difco Todd Hewitt Broth with added Difco Neopeptone 2% w/v and buffering Na2HPO4.2H20 0 74 g/l and NaH2PO4 2H20 0-13 g/l; additives prevented proteinase production.6 The pH of the broth was adjusted to 7 4 before autoclaving for five minutes at 1 15°C and sterility was checked by incubating at 37°C in air for 18 hours. Samples of some batches of broth had been tested for ability to inhibit strains of S pyogenes from producing proteinase.7 Broth cultures of S milleri were centrifuged until the supernatant was clear, which was then stored at 4°C with merthiolate (final concentration 1/5000). Hyaluronidase production in Streptococcus milleri in relation to infection hyaluronidase.
Isolates from miscellaneous clinical samples gave intermediate results (table 3) . Isolates from appendices or appendectomy wounds, which were not stated to have been frankly purulent, produced hyaluronidase in 14 of 30 (47%). From the throat and sputum five of 10 were positive for hyaluronidase. Four of seven isolates from blood cultures collected after dental extraction produced hyaluronidase. Only 10% of vaginal and 11% of urinary isolates were positive. Strikingly, isolates from patients with endocarditis were all hyaluronidase negative (table 3) .
Comparison of the isolates from known abscesses and frankly purulent lesions with all the others showed that far more of the former were hyaluronidase producers: 83% v 29%, x2 = 54 2, p = < 0-001. When the abscess and frank pus isolates were compared with those from normal flora, the frequencies were 83% v 25%, X2 = 40-6, p = < 0-001.
Of the blood culture isolates, four of seven dental bacteraemia isolates produced hyaluronidase. Nine blood culture isolates were deemed to be from deep purulent infections. The one from a case of meningitis was a non-producer. All the remaining eight (four liver and one lung abscess and three gastrointestinal tract related pus) produced hyaluronidase.
Discussion
S milleri from abscesses produced hyaluronidase with a frequency of 50% to 100% (mean 83%), the higher the frequency, the deeper the abscess site-all 15 isolates from liver and 90% of brain and subdural abscesses. In contrast, S milleri from sites of normal flora produced hyaluronidase with a frequency of 4% to 52% (mean 24%). Low frequencies of 4% and 8% were found in vaginal and faecal isolates; 28% in large bowel and anal samples; 22% in gingival crevice samples, and 8% to 92% (mean 52%) in dental plaque samples. The variation in the rate ofisolation in dental plaque samples may reflect different dental sampling sites.
The strong association between hyaluronidase production and abscesses containing S milleri suggests that hyaluronidase has an important role in their formation. S milleri hyaluronidase probably dissolves the intercellular cement or connective tissue matrix, of which hyaluronic acid is an important component.9 Clearly, the formation of an abscess requires the destruction of body tissue.
Abscesses in which S milleri is found may be multiple and large. These abscesses are often indicative of mixed infection, S milleri commonly being associated with anaerobes-in liver and brain abscesses. '"'" Alderson et al point out that Bacteroides melaninogenicus also produces hyaluronidase. '3 Perhaps hyaluronidase in mixed infections may be produced by one or other of the organisms to fulfil the enzyme's role in pathogenesis.
In dental root abscesses there is evidence to suggest that S milleri may be important in initiating the infection and establishing conditions for subsequent flourishing of anaerobes.'4 In Meleney's synergistic gangrene hyaluronidase is also relevant, and streptococci which are probably S milleri (sometimes mistakenly called microaerophilic when in fact capnophilic'5) play a part. '6 Endocarditis is a disease in which abscess formation is only rarely present.'' This rarity is consistent with the absence of hyaluronidase production in the 15 isolates studied here, and with the low frequency of S milleri among all streptococcal causes ofendocarditis.3 Perhaps absence of hyaluronidase in these isolates may correlate with some other factor favouring endocarditis.
Blood cultures are of value in identifying patients with deep abscesses due to S milleri-for example, those in the liver-which can be of insidious onset and often missed until necropsy.'8 Isolates from blood cultures which produce hyaluronidase and which are not collected soon after dental extraction, or similar, related dental manoeuvres, would seem to be highly likely to originate from deep purulent lesions. Thus testing for hyaluronidase production in clinical blood culture isolates will help suggest the presence of collections of pus.
Presumably the hyaluronidase production in isolates from genuine infections may be a result, either ofproducers having that preferential advantage which enables them to cause the infection or, in some way, of infected tissues stimulating the production of the enzyme. In either case hyaluronidase production in such isolates is a marker of genuine infection.
It seems that strains of S milleri may reach sites of deep infection by direct entry from adjacent surface carriage sites, or indirectly via the blood, lymphatics, or along tissue planes. Direct entry, particularly from the alimentary tract, is referred to by Admon et al, '9 who also refer to local overgrowth of S milleri in lesions such as perforations ofthe gut when antibiotics may select out this organism. Other studies have reported isolation of S milleri from a variety of superficial body sites.02' The present study adds data on certain sites in persons without either clinical infection or a recent history of antibiotic ingestion. One site which seems likely to be an important source of bacteraemic spread of S milleri is dental plaque and associated peridental tissues. Plaque has a high prevalence of hyaluronidase positive isolates. S milleri is found in the blood following dental extraction22 and some such strains produce hyaluronidase. Both dental plaque and brain and liver abscesses frequently con-510 Unsworth tain S milleri and anaerobes. The species of anaerobe, such as Bacteroides melaninogenicus/oralis and Fusobacteria present in some liver'2 and some brain'3 abscesses are more consistent with a possible gingival origin than one in the bowel.23-25 Mello and Raff found evidence of liver abscess in two of three patients with brain abscess,26 which would favour blood borne spread to both. Macnicol reported a case of acute myositis and osteomyelitis due to S milleri, probably mixed with anaerobes, which occurred three days after dental extraction. 27 Storage in glycerol blood broth at -20°C did not seem to affect adversely hyaluronidase production when strains were resubcultured after a few months, and the hyaluronidases of S milleri in supernatants were highly stable at 4°C and 37°C. Testing of Todd Hewitt broths containing neopeptone for lack of proteinase activity was a routine practice in Dr Parker's laboratory and it was not investigated whether this was critical to hyaluronidase production and recognition. Titres of hyaluronidase of S milleri are somewhat lower than those of S pyogenes.
It has been reported28 that S milleri hyaluronidase includes more than one serotype, mutually distinct and distinct from the hyaluronidase of Streptococcus pyogenes. This work, which is continuing, may help define the more superficial sources from which S milleri infection reaches deep abscess sites.
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